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‘WITH I DISCUSSIO 


‘The results of 


studies for 1899 have been compiled, ‘and will be 
lished by the Department. Some o of the methods used in these inves- 
tigations, and and the results ofthe measurements to determine the losses: 
from seepage and evaporation in canals aed the duty of wen utilized 
have been extracted from the report, and are » presented in in this s paper. 
The investigations described deal with problems which sorely 
: perplex the irrigators and ¢ canal builders of the arid West. 7 Their com- 
prehensive : study y is a new feature of national aid to irrigation n develop- 
‘ment in this country. Heretofore, the leading object of such aid 
“been to > promote the construction of new canals, to show | how much 
land there was above e: existing 1g ditches which could be ‘reclaimed, 
the benefits which would come from such reclamation. - ‘Iti is believed 


“that this investigation will tend to secure these ends, but its primary 
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The Office of Experiment Stations of the United States Department 
Agriculture is now engaged in a comprehensiv 


% purpose is to promote the welfare of the living ‘below the 
ml ditches already built, to render the farms now irrigated more profit-— 


4 able, to lessen the controversies over the distribution of water and 
7 a secure its more systematic c and economical use. 


—‘Ttist the opinion of th those best informed that that t a better ‘understanding 
of the existing: situation must be had before al can wisely plan for 
future dev elopment. Controvei ersies over the use of streams should be 
ended before an attempt is mé made to greatly augment such use. — The ii 


¥ claims to > water, for for existing gand d prospective ditches on many nanaall 


in n the future. In the stages of western ‘the import- 
s of the wes 


ditches a rive di not ot need t to consider] water was used 


or how much was want, ‘since neither had as yet made any serious 
_ reduction in the suppl y. —£ Every transaction which had to do with the 
_ disposal of streams was marked by a lavish prodigality. Ditches 


diverted more water than n was used; their owners claimed more than 
could divert, while” decrees gave appropriators titles to more 
7 water than ditches could carry and many times what the highest flood 


could supply. Little w was known of the quantity of water needed to 
_ irrigate an acre of land, and in the absence of s such information the 


ante. 
ri ee and greed of the speculative appropriator had its oppor- 


were framed by people to whom the whole subject of irrigation was 
strange re and new. ‘often happens, therefore, that they do ‘not 
4 promote the best interests of canal companies or meet the “necessities F 


> of users. . The laws which govern appropriations of water from 
streams have in most cases no relation to the actual practice of irr 
a gators, and, therefore, fail to secure hee the systematic distribution | 


best use of the available 
Before Before the period of crude structures and still cruder ideas had 


4 ended, it began to be ‘manifest that the reclamation ¢ of arid lands 


inv volved more than the: overcoming .g of physical obstacles. . It has been 
found i easier to to dig ditches than to distribute the water they carry, an rand 


to mane headgates and flumes that than to fame just laws for establishing 
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: The many thousands of miles of canals and laterals in the irrigated : 


regions of the United States have reclaimed an area approximately as 7 


great as the of New York, every acre eo and almost every square: foot 
of which has to be a artificially | moistened from one to ten - times each a 


tl 
year. During t the growing season this requires services of an 
army of men to protect and regulate headgates, patrol the banks « of 


7 canals s and adjust the measuring ng boxes” of users. je The suc success or _ x 
« failure of th of these canals is a matter of more than local interest. i Much — 
the money expended in their construction came from the East. = 
‘The small savings of thousands of thrifty New England people have 


one invested i int stocks and bonds of irrigation companies, a nia 


agency in Colorado having i invested - 000 000 in this class of securi- 


ties for these customers. ‘he failv cana 1 company to find 


i i for the water carried, all to obtain water for the customers it 


+ has, affects many o' others besides the water user. r ‘His is the immediate 

— Joss, but sooner or later the holder of the stocks or bonds: of the canal 2? a 

- company finds that he, too, is suffering through delayed or defaulted 
interest payments. justice ce and efficiency with which the stream 


is divided, and the economy which ‘the Water is used, may 


as W estern homes. = 


ater is carried on under many peculiar and perplexing 7 > 
a conditions. . matter from what source the suppl y is received, 


hether it is stored in pumped from wells or taken from 


ay may be a 


_ cannot be exhausted in | April a are | often empty i in ieee — after 
water: has passed the headgate. and i is safe outside pinterference, the 
te waste and loss continue. it disappears through the bottom of the: 
canal by “seepage, and into th the air by evaporation. ‘The same vicissi- 
“tude attends its use. As As much may escape from the lower 
the field of a careless irrigator as sinks into the soil. ‘The: waste 
wy from badly built laterals or poorly prepared fields” does much to limit 


‘the a acres which a canal om serve, and hence the i income it can be made ‘ 


> 


2 
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ers, the distribution OF water 10 Wrigation 1s 8 unending 
uncertainties. Streams rise and fall with every passing cloud. The q 
ig 
to yield. 7 
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‘in regions of of ample ra rainfall, and aimee prior training « or samee J 
in ‘dealing with the problems of of irrigation. They had to learn by trial 


to frame satisfactory contracts for the ‘disposal of water from 


construction oft the first ‘small furrows i in n Utah and California to 


= equally important ev olution in . ‘The fixing of unit of 
measure to be use used in ‘delivering water to users will serve sto Meets - 
this .2 t could n not be be sold by the pound or or by th the t ton, nor were there 


devices at t hand for its ‘measurement or delivery: by the 


Usep mn Mzas 
The is ‘Inch. a number of the states placer mining was an 
49 important industry before irrigation began. Miners, in measuring 
water, used the ‘‘inch.” This is the volume which will flow through 
an inch-equare orifice under a uniform and designated pressure. Later, 


eo 4 «4 the pi pressure to be us used, ow the ma manner in which the size of the orifice 
> 


Water sold by t the by any or r corporation shall be 

e measured as follows, to wit: Every inch shall be considered equal to 

an inch-square orifice under a 5-in. pressure, and a 5-in. pressure shall i 
be from the top of the anal of the | box ; put into the banks of the ditch 


a which such water shall be measured | shall in n alle cases s be 6 ins., ., perpen- : 
dicular, inside measurement, except boxes delivering less than 12 ins., 4 
: as _ which may be square, with or without slides; all slides for the same 
shall move horizontally, and not otherwise; and said box put into the — 
_ banks of ditch shall have a descending grade from the water in ditch “a 


of not less than one-eighth of an inch to the foot.”* 
int those : sections w where succeeded ‘this form o of 


"General of Colorado, Sec. 3472. 


— 
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— 
i. 
ee 7 _ Farmers were at a loss to know how much to buy, andcanalcompanies == 
— aa as ignorant of how much they could sell or how to measure it when _ fame: 
Was to be increased OF diminished, Was, in a Dumber OI states, 
a 
i 
iii 
— Satisiactory. ere the flow 18 controlle y a device of reasonable 
7 accuracy it is a convenient method of delivery for canal companies, 
— _ and satisfactory to users, because they can tell at a glance whether or 
4 
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the q quantity contracted for is being it is not 


division among ng large canals, as the prescribed ‘conditions cannot he 


4 produced on a large stream of water. " ‘There are canals which ‘carry 
125 000 i ins. To measure this volume, under the conditions prescribed ; 
int the Colorado statute, would be practically impossible. ‘The use of 


the term. “ inch” ” has been unfortunate. Many farmers have confused 
this unit with the square inch ch or the > cubic inch, and it frequently hap- 


<3 
pens that the inches of water bought or sold are determined by measur- 


a ing Re anmpens tion of a ditch or or lateral, p: paying no no attention whatever 


or velocity. In o one case a state law confuses cubic | 
‘inches with continuous 


= to measure of lar 


i; ‘that some other unit of measurement that the m 


; ee general use. 1 This unit has the doub ble advantay oof showing pre- 


cisely what is meant, and being well adapted to ne measurement of 
large as well as small volumes of flowing water. of Iti is the > most 8 a 


to be used . Thee cubic foot per second is is | i ich has passed 


factory unit which oon be used i in dividing rivers or in measuring the 


flow of large canals where the flow is continuous. There i is, however, — 


an an objection to its universal use in water-right contracts, or in decrees: 7 
_ecteblinhing rights to water. © WwW here decrees or contracts provide for 


mes measurement of the quantity received as a ‘continuous flow, it pre-— 


Supposes: that irrigators use Ww water in this’ manner, ‘This’ is not not in 


accord with the best ‘practice. | Trrigators do not need wa water all the 7 


time. : Few use use ‘it half the time. . If they y are required to pay for a » 


continuous flow, they usually pay for something they do not get, and P 


always: fore what they not ‘need. If! they are al allowed, as 4 an 


ofa a particular si size, but the total volume received, , which i is paid for. 


The ynition of the fact that a 

tinuous flow not correspond to the needs of irrigators 


has recently brought into use another unit of volume, the acre- foot. — 
It contains 43 560 cu. ft., ugh to cover an acre 1 ft. deep. «dt is 


a convenient unit for ae tored water, because it can be used to 


measure the capacity of: resery oirs. 
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flow; and | canal companies have hesitated a about 
this unit, because of a fear ear that satisfactory arrangements for delivery — 


- gould not be ‘made, and that more water would be called for at some 
id times than | the canal could supply, wh ile at other times the entine 
volume would run to waste. 
Wherever the acre-foot has it has proven 


and skill i in 


they. are deeds to the water delivered; in others they "purport to 


: transfer a 4 perpetual right to a specified quantity or toa a stream of wd 


= 


of sex a specified iene ber of a acres for one year; +; while a few p provide for for 
ment for the quantity actually» used, fixing a maximum quantity 


q which may = demanded i in one season. At first these contracts were 
largely “governed by the ideas of the managers of the canals, but 


¥ sufficient e experience has now been had to make certain forms of con- 
- racts preferr edin behalf of public ¢ as well as private interests. ste. 


Contracts: which provide for the delivery of a ‘uniform, 
ule, wasteful of water, and are not in the interests of 


either ditch companies or the public. Des Contracts which charge for the 


acres irrigated, , without regard to the volume used on these a acres, , are 


a temptation to to extravagance on t the ) part of the -irrigator. The canal 


pr supply his « customers with a year’ 8 provisions at so much p per 


-_ head, with no restrictions as to quantity or kind of goods which 


"might be called r. On the other hand, contracts providing pay- 
Te { livered, and for delivery in 


be most efficiently distributed, cannot fail to lead 


to economy in “use of water, and “consequently toa high duty. 
Under such a system the irrigator is benefited by his saving, and and egal 


for his waste. Such can only be used in connection 
system of rotation in ‘delivery to irrigators. This rotation benefits 
the the canal company as well as the irrigator, because it lessens the loss 


| 


— 

Contracts in which the acre-foot is used provide for the delivery 
a 
— 
— 
Form or ConTRActs AND BENEFITS OF ROTATION. 
4 ntracts for annnivine water aka manvw farma Tn enme 
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half full. rivers are low, by ‘Tanning half the. canals at 
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i into: three sections s of 20 miles each, od all th the] Joss from seepage and 


evaporation on on the lower 40 ‘miles 5 saved 1 while the  irrigators of the 
upper section were being supplied. : In the same way, by keeping the © 
full supply i in the canal, water could 1 be rushed through to users under > 
‘the lower section with less loss than where the flow is depleted by 
laterals along the route. ~The greatest int rotation, however, 
“would be made in the laterals. - Where water is permitted to slowly 


dribble through continuously, the waste is enormous. By devising 


tk 
system for grouping the laterals and inducing the ‘nvigators here- 
from to take water by | turns, the engineer can do as much toward | 


‘raising the duty obtained as the actual cultivator. The use ofa unit 


which favors rotation hebween. users leads also to rotation in the 


division of the river between the canals. The loss from seepage and — 
evaporation is ‘approximately th the same whether the canals are full or 


time with a f ull sup) 


is saved. As s from | seepage and evaporation averages 


about 30% of the in canals, the ¥ water | saved by such 
rotation is a material addition to _ available supply. 


FOR or THE Dory OF Waren. 


As the to irrigate 1 ‘acre of land should be the 


basis for fixing: the dimensions of ‘works re required to ‘irrigate any 
number of acres, there i is need to kno ow approximately its amount. : 


In order to plan for the just distribution of the volume ) entering the 


uti 
headgate, the losses in transit must be provided for. Until: more a 


known than i is now known about the time of year when the irrigation 


“season begins and ends, the part of the dis hei arge which must run ae. 
waste unless stored be estimated. Until it is knows how large 


an area an acre-foot of stored water irrigate, ‘and the returns” 


_ which will come from such irrigation, the value of reservoirs will 
have. more substantial basis then i individual judgment or oom 
jecture, and no intelligent estimate can can be ‘made of the amount of 
‘money which can be be ‘profitably spent in their construction. _ Sooner — 
~ or later, a knowledge of. the duty of water becomes a necessity in any 


district. It is needed to o settle disputes o over 


q 
4 
— 
4 im 


perpetual and continuous. This is not the practice of European 


4 countries. Italy, France and d Spain, each distinguishes clea clearly between 7 


Fights to the summer and to the winter flow, t the vernal and autumnal 


_ equinoxes being the dates when one begins and the other ends. ‘The 
_ _ controversies which have r recently arisen over rights t tothe winter flow 


= of: streams will doubtless : soon lead to a similar distinction in n western b 
_ irrigation laws. A comparison of the duties secured under many of = 


the canals where measuremente were made | lest year leads to the belief ' 


that it will be possible through improved ‘adhols to double the 
average d duty now obtained, 80 that the | quantity now 1} required for 
one acre will serve to two. If this bo accomplished it 


relieve the scarcity un under r many canals, ‘put an end to many ‘eontro- 


for or water, and in increase: se immensely the productive 


4 leading subject of of the 


carrying this inves stigation 


answer; it must deal with the u use of water ona Tange scale. le. The 


ork the supervision of men of special training and wide 
tical experience. One of the chief difficulties encountered atthe 
utset was to find t the right men to take charge. Those engaged are, 


out e ees holding positions of ‘responsibility and receiving — 


oom other sour ces. The chief inducement 


4 “Through: their ‘and zeal large “amount 


information was. obtained w which could not otherwise have been 
ten times the ac actual outlay. was left. for tl the “observers in each 


“ae to secure the co- -operation n of intelligent, ‘practical farmers, and 


_ to arrange with them to measure the water used on their fields. I Ih 
pearly this we s easily accomplished. ‘Every farmer 


to use water whenever and wherever it it was _ thought necessary, pro- . 
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— Believing that a more general understanding of the causes which 
increase or diminish the duty of water is one of the most urgent needs | 
of irrigat re the determination of this duty was madea 
tm | 
— 
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| 
necte wi e investigation receive same instruction. it was, 
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red. The sania show that this was done. ; The descrip- 


ion of and the methods which govern their operation, 


ven in the reports of the special agents, | show how direct i is the 1 rela- 
nagement and a high duty of water. They also 


n good management 
show ot prolific of waste | and loss is a badly drawn water right 


“contract. Records also kept of rainfall and and 


e as muc ‘h information as as 


ee on nthe following factors of the duty of water in n irrigation: 


The quantity of water required by different nt crops. 


4 The ue length of the ir rigation period i in different sections of the 


pon arid region. 
‘The e agreement or divergence between the ‘quantity of of water — 


a used in irrigation in 1 the different months: of the > growing season, | 


“po 
‘, and the rise ‘and fall of streams during those months. — 


Losses in canals from seepage evaporation. 


Influence of of different forms of water-right contracts in pro- 


moting economy mm waste. 


‘The returns from the use in irrigation of an acre- -foot of 


& he the study of the duty « of water, and to record the quantity y used, 
‘we 

_— pror provision had to be made for an instrument which wou would be a automatic — 


and continuous in its This was the 


change. Finding it to use a 
volume delivered, it was decided to place a weir or tenet in each — ie he 

‘ or lateral, and then, by means of a suitable instrument, , keep a con- — “dl 


tinuous record of the depth of water delivered. herever possible, 


, weirs were u e used, but i in more than half the. cases w where dod were one 


gisters in use showed that none was ate outer 


The f first requisite was a record on a natural scale, so that an _— 


inch rise or fall in in ditch would be s sO shown on fhe record sheets, 


— 
— 
7 
— 
— 
— 
i 
— 
— 
— 
— 
— 
— 
4 
a 
— 
— 
thus enabling any Tarmer or ditch Tider to determine at a gialce 
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Faises and lowe ers a font and counter- weight. "This float and co counter- 


an 


y Wan 


which i is revolved by the movement of the cord as the float and 
falls with the changes of depth i in the s stream. This cylinder. carries 
Paper di divided into rectangular spaces, the time divisions being parallel — 

to its axis and the depth divisions at right angles tl thereto. The pen all 


‘pencil making. the record is moved along this cylinder pork, 
mae from one to the | other i in a ‘wom, when the paper is 


159° 
whether or not, to } 
it without the computation required where the scale is reduced. 
- | - Not being able to obtain registers of this pattern, one was designed. 7 ie 
4 s instrume rise and fall of the waterin a ditch or lateral ' 
te 
| VT yd 
| 
WYOMING NILOMETER = CANAL, RIVERSIDE, CALIFORNIA 
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changed and the pen returned to the starting point. The only result 7 


ofa wide variation in stream depth is an increase in the number of z 


x. Owi ing to delay in the of these instruments, all 
_ vers could not be supplied with ‘them, and a number of registers “a 
+ = were used. used. T he Richard Frére register, ‘Fig. 2 2, , Was 


q utilized i in the measurements in Arizona, the in instruments being loaned 
by the e University Arizona. The: Nilometer, Fig. 


apes 
Meference has already been made to ihe some of the weirs 


a. did not prove satisfactory. This wa was due to the deposit of silt ‘above 
“a them. Sediment investigations during the season 


matter in suspension, and that ‘and taking 
these streams have to be cleaned from two to three times each yea: 


where t the percentage ¥ was much less than th’ 's, the deposit of 

sediment ' was SO rapid i in some cases as to fill the lateral or ditch a above ae 
the weir to a level wi with its crest in 24 hours. Where this happened, 

- the velocity of approach became a disturbing ‘oe, the influence of 

which could not be determined ¢ owing to the constant change | of con- 

a ditions. 8 Some canal companies whi which use weirs, operate, in ‘in connec 

¥ tion therew ith, a , a sluicing device which removes nay accumulated 

- sediment once each day. ‘The objection to this is that the > conditions — 

are never stable, and i it is ‘to for what length of time 


» ‘The recent in- 


vestigations in the han 
those with sharp edges id in securing the adoption of a oe of 


weir better suited to the sediment- laden waters of the Southw est than 


that used, but, so far as knife-edged we weirs” are concerned, there 
 @ few ditches i in the Southwest where it is not possible to secure po ing 


tables. for. flumes which will give n much ; more reliable a and ‘accurate | =a 
sults, , was also found that, in the case of a number of canals, the = 


grades were too small and the benhe too low to secure the requisite fall 


i 


— 
— 
— 
— 
Fig. 4, was used on the Gage Canal in California. Plate XIII shows 
the method of placing registers used in weir measurements. 
— 
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q the weir tables used agree with the actual discharg 
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paring an an accurate rating table, and the fact that 3 a » current t meter in 


required for doing this. ‘The r ‘recent improvements in ‘these instru-_ 


ments, by which maths their convenience and ac accuracy have been in 


flumes i in w which the flow i is reasonably “uniform. ith “ordinary « care 


this discharge can be determined within the limits of accuracy per- 7 


mitted by the meter r used, andi in the best instruments this error is as 7 
low as 1 per cent. This: margin of error is below what is permissible 
4 in the delivery of water a attainable in this inv estigation. — The rela- 


tion of the volume discharged to the. depth of water in eaten 


q 
DISCHARGE CURVE FOR THE MESA CAN CANAL, MESA, ARIZONA. 


TESTS 


= 21.256 y +0,0004 


“Cubic Feet Second. of Curve, 2 


“flume of the Mesa Canal, Arizona, is shown i in Fig. 5 5. "a The dots show 


the gaugings. | The « curve is s plotted from the: equation c= 21. 256 y? + 
be 0. 0.8502 y + 0.0004, which is derived from the actual gaugings b rd the 
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a In the tables w which ich follow, inn acre- da is the unit of volume used. 
valent in the 


"which water used would have 


nient for the comparison of ‘used in localities where 


the period of u use was not not the same. 


a but an inevitable substitut ot only preferable 
4 
| 
i : = 
aa 
3 


second as them unit of quantity, and the which 


flow of that volume continues. "Thus, when i 


a water is. adh or ‘80 acres to the cubic foot per second, the statement im- 3 
4] plies that the quantity of water used during the season had been 


§ measured and the av verage | volume used during this season amounted | re 

: to 1 cu. ft. per second for each 60 or 80 acres irrigated. od. In order to a 


: - make this expression definite, it is necessary that the duration of the 
_ irrigation period be known; but this varies so widely in d different it local- — 


is said that the duty we 


- ities, and in actual main in the same locality, that it is diff 


btained. . In a number of dis 


) on for the Rocky Mountain regions has a. 


ar 
been taken as varying veep 100 to 150 days. s. The r records” kept ‘Jest os 
“year: show, , however , that t water 


was used from Gage Canal at 


River erside, Ca al., throughout the entire year, while the canal at Wheat 


land, Wyo., Was operated only 60 days, and water was used it in irrige- 


A tion a shorter time. § Since the > practice varies so 0 widely, any attempt a 


at fixing a1 an average period would be Ww holly arbitrary. under 


4 the same canal the length of the season has | to be ai assumed, because mo C 


i 
the irrigating period * the several stations is shown graphically in 
“Fig. | 6. . Nor do joes the | assumption of a continu 


irrigators use water for the same length | of time. The length of 


4 
s flow accord 


; practice, because on many canals a system of rotation in the rohan 
‘ of water is already i in operation, and even w A 


here the contracts 5 provide: 
a constant delivery it seldom happens that irrigators use W water i 


s this w nny Wi hen, therefor e, in practice, : 20 mi miner’ s or statutory ‘inches a 


are used c on an acre for a day, and no none e at all for the next twe enty ; days, . 
iti is an error to discuss the duty as as though a single it inch had been used — 7 
all the time. In nearly all ‘the “northern States fully three times a 
much w ater is used in ‘July as as in August. Hence, a discussion which. 
deals with the delivery of water as though the: use was uniform during © ‘ 
his period is likely to lead to mistakes in practice. i 
this period is likely to lea tot serious mistakes in practice. ae 
By the use eof the acre-foot as the unit of quantity all the arbitrary — 
assumptions in involv ed in the one of either the ‘inch or the: cubic: sbiefoot 


z per second a are avoided, and its v use is equally correct and convenient 
_ whether the supply cc comes from streams, wells” or reservoirs, whether | 


' it is continuous or intermittent, and whether it it ends i in two two months ee 
extends throughout the entire twelve, e. The flow of 1 cu. ft. per | second 
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DIAGRAM SHOWING DURATION OF IRRIGATION PERIOD © : 
MAIN CANALS INCLUDED IN INVESTIGATIONS. __ 


30 60 90 120 150 180 
GAGE CANAL. 4 


MESA CANAL. 


PECOS CANAL. 

BROWN & SANFORD DITCH. 


BUTLER DITCH. 


_ UPPER CANAL. y 

(GREEN DITCH, 


~ 


aa 


LOWER CANAL. 
VER CANAL, 


BOISE & NAMPA CANAL. 


AMITY CANAL, 


REEK DITCH. 


DIAGRAM SHOWING DURATION OF [IRRIGATION ON FARMS 
a WHERE WATER WAS MEASURED IN 1899. . 


A A = 
STATE. NAME OF FARM, DURATION OF IRRIGATION PERIOD, INDAYS. 
270 300 330 360) 


.| FARM OF J. J. HAGERMAN, 
ty 
FARM OF A. F, LONG, 
FARM OF EDGAR WILSON. 
BILES LATERAL. 
4 


FARM OF D. W. DAGGETT. 


OATS, WHEATLAND. 


CORN, WHEATLAND, 


6, 


— 
ith 
ye 
| 
| 

| 


volumes from one unit to readily 


SuMMARY OF MEASUREMENTS OF Duty oF WATER. 
The measurements made by. observers chow that the. duties obtained 


_ vary from less than: 1 acre-foot of water per acre irrigated to ov over 15 a 


acre- feet on an acre; ‘but these w wide a and seemingly eccentric variations — = 


in the. quantities used were the results of manifest causes. Whee 
-é = was distributed | through well- built ditches and used by careful 4 


» 


irrigators, there 1 was a surprisingly. close agreement in 1 results, even 
in widely separated localities. Table No. 1 will serve to illustrate this, 


TABLE No. —QUuANTITY or WATER UsED, WHERE MEASUREMENTS WERE 


+ 
on CaNALs Ok SHORT LATERAL. 


of 
Location. used. in feet. 


Farn Farm, Tdaho.... 
( Gage Canal, Cal. 


Canal No. 2, Wyo 


Middle Creek Ditch, 


f all tl 


aid An interesting comparison with the results in Table No. lis afforded a 


. by the mi mean of the duties on all the distributaries of the Ganges Canal 
for 1889- -90, during the Khareef season, as ‘reported in Buckley’s 


‘Irrigation WwW orks i in India. Here, the mean volume of water wed 


4 in the irrigation of. ‘an acre” of land 121 970 eu. ft., equal toa 


| Whe here rere the water was measured at ‘the margin of the fields, there | 


a still higher than where measured at the heads of 


laterals. fl Table No. 2 shows the duty obtained where all losses in aie 


were , eliminated, and nothing but the water actually spread 


er the was measu 
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7 DIAGRAM em THE TIME OF IRRIGATION AND THE DEPTH oF WATER ¥ 
ON THE OF OLEF CRONQUIST, LOGAN, UTAH, 


= 
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: ~ DIAGRAM SHOWING THE TIME OF IRRIGATION AND DEPTH OF WATER. — 
On The THE FARM OF A.F. NEAR NAMPA, IDAHO. 


| i | 


[1.0 FOOT 


| 


QUANTITY OF WATER APPLIED DAILY, 
ACRE 


60 ACRES. 


ROPS. 
ACRES 


eo 


DO Wy 


Niw MEADOW 


DEPTH OF WATER 
APPLIED ON 
60 ACRES. 

D> & NEW MEADOW 


NEW MEADOW, 


DIAGRAM SHOWING THE TOTAL DEPTH OF WATER APPLIED EACH MONTH. 


WATCHED AREA REPRESENTS RAINFALL. — SOLID AREA REPRESENTS |PRIGATION 


= 


TABLE No. 2. or WATER 


Depth of water 
used, in feet. 


m, Eagar W ison, Idaho.. 


), Exper-_ 


The dates when water ae: applied, the east of the irrigation — 


periods, the total acre-feet pe per r day in use, the total depth. of irrigation — 
applied each and of 1 rainfall for each are all 


The duties given in the foregoing | tables were obtained on laterals, "4 
1 or on canals. where the losses in transit were not large, and on . fields 


wh nere the water r was measured at th 1e marg in. 2 They therefore repre- 


i sent, approximately, the volume utilised. In practice, however, the 


g losses i in canals, from percolation, Teakage 0 of flumes, ev aporation, ete., 


irom 


are an important factor in fixing the. e average duty of water from 
river or an extensive canal system. ‘To determine this average sates 2 £ 


the e volume should at the headgate, and the 


res it it irrigates is the duty whic h canal ‘managers ha have to consider in 


determining the area works will irrigate. ‘This duty 


lower er than that obtained by measurements made on laterals | or ‘at the 


- margins of the fields where used, the influence of the losses" between 


fa the headgate and the heads of laterals being greater than has ui won lly 

been n supposed. Where cana canals cross grav el beds or gypsum 1 deposits 

‘the result s closely resemble trying to. carry water ina sieve. . Table 


No. 3 gives the depth ot w ater used in irrigation, where the he measure-- . 
- ments were made at the canal headgates, and includes the loss from 
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GAGE ~CANAL IN DISTRICT NUMBER ONE, RIVERSIDE, CALIFORNIA. 


OF WATER APPL! 
SOLID AREA REPRI 


QUANTITY OF WATER APPLIED DAILY, IN ACRE-FEET. 
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MONTH, 


WATCHED AREA REPRESENTS RAINFALL. SOLID AREA REPRESENTS 


QUANTITY OF WATER APPLIED DAILY, IN ACRE-FEET. 


DIAGRAM SHOWING THE TOTAL DEPTH OF WATER APPLIED EACH 


— 
NOV. DEC. JAN. FES. | MARCH | APRIL MAY JULY | AUGUST | SEPT. 7 
1898 1898 1899 1899 1899 1899 1899 1899 1899 1899 1899 ¢ 4 
on “DIAGRAM SHOWING THE TIME OF IRRIGATION AND THE DEPTH OF WATER. Zi 
i USED FROM THE BIG DITCH, SALT LAKE CITY, UTAH, 
— 
s|ACRE-FEET | ol < 
bie | | | | 
— 
— 


IN Marx ARE INCLUDED. 


“Bust 


For the Big D Diteh, Lake City, “ tah, Fig. 10 shows when the 
\pplied per day, also. the 


depth ¢ of irrigation w water applied and the rainfall for the 


‘the water was measured Ww here will show that m more 


. - twice as much water was required where it ‘was measured at the head- 
»  w gate as w as where measured at the place of use. » | In other words, the losses _ 
in the ea onale from seepage | uel evaporation amount to more then half 


‘; «i the. entire supply. i This is in accord with n many of the measurements 
made iri ation canals: in India. . Amon those recorded in 


Buckley’ s ‘Irrigation Wo Ww orks i in India” is one one which s shows that th 
- irrigation of wheat under the Jamda Canal in Bombay required 5 6 ac acre- 
feet of water for each acre irrigated, where the ‘water was" measured at — 


‘@ the head of the canal, but mean the we was s measured a at the p ¢ place of 5 


to an acre, the loss in the canal being m more 50 
Bx cent. 3 On the Hathmati Canal, in 1 the same country, the loss 


from seepage and evaporation w was 50 p per cent. a The transit 


India, an and are doubtless more general than they will, be this 
“country w when the banks of canals are older and when they a are > ope 
ated with reater regard for economy. 


= es The re reports of the sp ve i is and observers in charge of these 


— in our r canals are much heavier than is the rule on the older canals of — Ph 
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ax 
~ measurements show that the losses from seepage eande 


Pecos | Canal, N. Mex., lo 
Canal, Ariz., estimated “nate 


or 
40 
= 
he Gage cemented, the losses from seepage are prac-— 
nothing. compared to from 25 to 75%, ,shown 
in other canals, the loss of only half of 1%¢ in this ca: canal has great sig- 
. i nificance. The water turned into the ] head Ww ould | haves serv yed to cover 
the land irrigated to a depth of 2.24 a while | the m mean depth for the 
ie water delivered to irrigators’ laterals was 2.11 ft., a loss of only 0.3 13 aa 
a acre-foot per acre irrigated. Re Canals can only be cemented on earth, as 


not severe. 


RELATION OF ‘Losses TRANSIT TO THE OF APPROPRIATIONS. 

This 1 loss fr from canals rise of perplexing 


claimed that if measured at the headgate the losses in the canal w ill be 


80 great that the amount deliv ered will be ongete® for their needs; 


irrigated field or at the head of the canal, _Appropriators have ve 


while water 


to measure each at the of user’s 
Several contests over this matter have already arisen, and sooner or 


ater an authoritative decision will have to ber reached. i In one asinstenen 


all the water entering the canal i is delivered at a point 11 miles below. 
Measurements w were made to: determine the loss i in this distance, and it 4 . wel 


f found to vary from 18 to 36 per cent. It was urged that this loss 


Was so great that the amount turned into the canal should be increased p.' 


therefor, but the State authorities refused to 
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and Idaho have fixed a maximum limit on the amount of water 
which an appropriator can acquire. In two of these states no 
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"recognize this claim, on the ground t that such a concession would put 


an end to the nanan of ditches, since the i the loss, the i 


ode larger t the appropriation which would be secured, and that its prac. 


tical effect would be plese premium on poor construction and 


WATERS REAPPEARING In SPRINGS AND DITCHEs. 


A Much of the water which escapes from canals finds its way to toe 


surface below in the f form of springs in what were originally dry 


‘ravines. 7 Irrigators have filed on these springs, ona secured pbc 


an ample water supply w ithout having to pay ‘the canal company y which 


furnishes it it anything for ¢ operating expenses or for the purchase of a— 


water right. On the! South Platte R River alone there are over 400 of these 
filings on seepage waters. The e report of the State Engineer o of Colorado 


for 1898 shows that 5 000 acres in the Poudre Valley were irrigated 


wa with seepage water in that year. 
panies have | sought a title to the water of these springs 
and to collect for its transportation from their users; but the foots 


of the courts in these cases have been conflicting, and 1 no settled policy 


as yet been established. be 


Ins some cases, slopes are are crossed by ‘several canals, the lowest 


intercepts t the water lost above. one instance, it is known 


“that a a large volume of seepage water is escaping from line canals 


\ a ditch has been cut parallel with the river bank, but ‘some . distance 


away from it, to intercept this percolating supply. This nes led to 


- litigation to determine whether or not this i is an interference with the 
rights of pr prior appropriators s below on. the main stream. 


‘The percolating waters from canals and irrigated fields materially 7. 


increase the water supply of western rivers. Measurements of this 
eepage water have : sho 1ces 

80% of the original volume. i ds the 


INFLUENCE OF FLUcTUATIONS: IN Suprty ON THE Dorr OprarneD. 


a A low duty does not of necessity indicate a or unskilful 


4 use of water. An illustration of this is found on streams which furnish © 
> “more water than can he used during the flood season, but where “2 
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period of plenty i is followed by an equally assured period of drought. 


Irrigators have learned to provide against the latter by Pp pouring on 


land all the water it will hold while it can be had. thus 


> 

"saturating the. ‘subsoil they store Up reserve supply y which plants 

draw upon when the ditches fail. ‘The report one one special agent 


deals. with this } practice, and a study of the flow of water in the 


Mesa Canal shows how marked is the scarcity the hottest 


4 ; in the season. . That it is better to waste water on the land when there. — 
a surplus, than let it escape down the r the riv er and have 
‘later i in the season, beyond question, put the. results of such i irriga- 


— are not ne arly so satisfac tory as s they would be if this flood supply 


could be s stored in ‘Teserv and be available for use needed. 


Mr. . Code’ s report shows clearly the ne necessity of reservoirs in Joe alities 
. ke the Salt River Valley. They are needed to store the floods which — — 


now run to waste. are needed to enable far mers nts use when 


_ crops demand moisture, and to ) relieve | them from the alternating floods 


and « drouths which dependence ¢ on stream alone renders 


Tae DIFFERENCE BETWEEN THE AssuMED Dury Canan Cowrracts AND 


> ‘THE Dory FounpD BY THE s MEASUREMENTS. 


A comparison of the ‘of the year’s measurements with 


=a T 
= 


| 


duty: of water assumed in many important water- right contracts is 
interesting as showi theis agreement or departure from actual prac 


“tice. The c quantity y of water agreed to | be furnished by y® number of 


Water Company sells perpetual water rights, for 0.834 cu. “ft. 


per second to be used on not to exceed 80 acres. This gives a duty — 
* a little less than 100 acres per cubic foot per § second, or a dap 


of 7.5 ft. on the land irrigated. 


= Consolidated Canal Company sells perpetual water rights for not ~ 
exceed miner’s inch per a acre. This gives a duty of 120 acres 
cubic foot per second, or a depth of 6 ft. 
Rio Verde Canal Company s sells water | by quantity, agreeing to furnish 
‘ sufficient water to cover land to a , depth of 2 ft. if it is called for, ; 
and more at the option ofthe company. 


— 
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“This v Ww vater is not deliven ine continaces but in large: 
for short = nae at the convenience of the consumer. This flow 


‘Larimer County Ditch w ater for of the capacity of of the 

ditch, without ‘Specifying how much land irrigated. 
New and Greeley and Land» Company sells one 
_ water right for each 80 acres, allowing a flow of 1.44 cu. ft. per 
The Colorado law compels companies to furnish water 
- from April 1st to November Ist. For that length of season 1.44 


eu. ft. per second would cover 80 acres to a depth of 5.3 ft. a 


4 Platte Valley Irrigation Company sells a water ri right for each 80 acres, — 
Be 
allowing a flow of 1.44 cu. ft. per second, ora depth of 5.3 ft. 


Morgan Land and Canal Company sells a water right for each 80 
acres, allowing a flow of not to exceed 1. 44 on. ft. per second for z 


the irrigating season, or a depth of 5.3 ft. 


Arkansas River Land, Reservoir and C Canal Company sells : a water 
right for each 80 acres, allowing a flow of not to exceed 1.44 cu. 


per second, or a depth = 


Dolores No. 2 Land and Canal Company sells water by the cubic foot Pe 
Ris 
per second, without limiting the consumer as to the area which 
h 


_ Phyllis Canal contracts provide that the amount of water delivered 
; 3 shall not at any time exceed an amount equivalent to . ft. per 4 
_ second for 50 acres, and that the total maximum ouatite: allowed — 
shall not 2 ft. in depth on the land since 1899, 


land irrigated. 1999, sells water the foot per 
‘second, with no limitations as to the area to be irrigated. . “2 


7 Minnesota and iia Land and Improvement Company sells water a 
by the miner’s inch without regard to the area to be irrigated. 
4 For the season « of 1899 the farmers under this company’s canal 
ordered, on an average, 1 miner’s inch for 3.77 wae showing a a 


duty of ana: 150 acres per cubic foot per second. 


a 
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Nebraska. 
; ‘North Platte Siitiaiion and Land Company sells water rights for 1. 44 


cu. per ‘second, and prescribes land on which be used. 


Interstate Canal and Water Supply 1y Company (Wyoming : and Nebr raska) ) 
_ agrees to furnish 1 in. per acre, or 1 cu. ft. per second for 50 acres. — 7 
The legal Season in Nebraska is 200 days—from April 15th to 
November Ist. eu. ft. second will cover 5 acres 


depth of 7.9 in tim 


Mexico. 


Pecos Irrigation a Improv. ovement Company water- -right contra acts 

— vide for the delivery of 43 560 cu. ft. of water per acre, sufficient , 
to cover the land to a depth of 1 ft., delivered at such times and ~ 
_ in such quantities as may be necessary for the proper ‘irrigation = 


To Purdy’s -water- right contracts call for the deliv ery of 43 560 cu. 


_ ft. per acre, to be delivered in not more the five irrigations per a 
annum. 


gives a depth of 2.65 ft. 


yoming. 
Wyoming Company sells water rights, giv ing the he right 


"part of of the total flow of canal. feanal. 


‘Fetterman C Company a water right for each 8 acres, allow- 


; ing a flow of jy cu. ft. per second. Wyoming canals do not 
&: rily run run a= than 60 days. In that time this flow would — 


give adepth of 1.46 ft. 


as 


- Cody Canal shares represent water for 40 acres, and the quantity 
is not to exceed en. ft. per second. gives a 


oF ContTINU ING THE INV 


study. For reasons, necessity for reserv oirs 


ba has been left for subsequent study and discussi ion. . The ‘subject: a 


: 
a 
ay 
Yakima Investment Company contracts to deliver not to exceed 1 cu. 
m April 1st to October 3ist. This 
= q 
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of "commanding importance, because it cannot consid red apart 
from the fundamental question of who i is to own or or ‘control the stored * 


< water, and likewi ise the stream from which it is taken or along which 


it is impounded. “Sooner than is ‘generally ‘realized, the public or i 


priv ate ow ywnership of western rivers is destined to be one of the great — ; 


— social and industrial questions of this country. Their waters ere 


worth more than n the land, , public or or private, through which | 
they flow, , and the manner of their disposal will ‘more to 


shape western civ ilization and promote or retard develop- 
all other causes combined. ‘The study of the duty 


of water is a study of the farmer’s: and it is hoped that 
= ’ the presentation of these needs will tend to promote the creation of on 


‘ irrigation ‘sy stem which will make the supplying of his’ necessities of 
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4—Summary oF MEASUREMENTS oF Doty or Water, 1899. 


_ |GENERAL Duty.| SPECIAL MEASUREMENTS OF DuTY. 


satior 


Period during which 


al 
Pecos Canal...... Entire year............. 5.26 | 6.57 
Mesa, Ariz. (Mesa Canal)— 


rainfall. 


gation. 
and 


Depth of 
irrigation 


irri 


‘Riverside, Cal. 
Salt Lake City, Utah—- 
Butler Dite 


Logan, Utah— 4 
Logan and Richmo Cronquist Farm .... 
Amity Canal -September....... 0.91 9 .83 Biles 
Ju 37 (2.58 A Evaporation at 


oise, o— 

and Nampa Canal.. 
ozeman, Mont.— Vilson Orchard..... 
June 16th-Sept. 16th....| 0.42 | #1. 2.10 | 2.52 Bozeman Exp. Farm 


 *May Set po, November 1988, Som July th to 30th. 
‘olo., 0.68 ft. § Ra rilto tember. Water use rharvest. 


Rainfall 0.44 ft. 


0.42 
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Mr Merriman, M. Am. Soc. C. E.—In this paper the word 


bs duty” s to have been used in two senses which are not exactly 
es same. _iIt is said that the number of acres irrigated by 1 cu. ft. _ 
: 4 per second is the duty of water. That appears to be an excellent de- 
finition, one that agrees s with the use of the w ord duty i in oth 


quires 80 | many acre-feet of water to “ebay it, this is not properly the | 
duty of water, but rather a reciprocal of duty. Thespeaker has found 
that in presenting engineering matters to students it is extremely im- 
portant to have the units very clearly and closely defined, and although a 
this word duty i is perhaps the least important of all the units, the 
_ speaker believes that it may deserve the remark he has made concern- 
; “| In this connection, the speaker was glad to note that in the witha 
7s tions of this Soc iety on hydraulic matters the terms ‘second-foot ” or 
_  foot-second,” as some people say, are not used. These terms lead to 5 
while “eubie feet per second 2” which should be always 
used, is clearly by ev erybody. There are many hydraulic 
“engineers, particularly i in the Gov ernment employ, who ‘alw ays say ae 
-“second-feet ” in designating the discharge of water, which is contrar 
to the principles of formation of compound units. In such a unit, as — 
a foot-pound, or ton-mile, the meaning of the hyphen is that the two © 
simple units are multiplied together; and in the term ‘second-feet,” wa 
‘it might be natural to think that the number of seconds should be ee 
 %y multiplied by the number of feet, which would be absurd. On the 
other hand the wor¢ “per” means division; for instance, ‘‘ cubic feet 
second,” means the total number cubic feet divided by the total 


be 
is an unit, formed 


ri emg. Rum pouPH Herre, Vice-President, . Au. Soe. Cc. E.— 
that up to the present time the relationship of irr igation and drainage 
_ to agriculture has received so little attention. It is only quite recently 
_ proper observations have been made as to the quantity of water 


whieh ‘various crops require at different times. ‘The agricultural ex- 
4A periment stations in the United States have ‘begun to make some 


- observations on that subject, and similar stations in Europe are doing 
 ; the same. Yet it is hardly possible to get reliable information, except — 

from a few isolated points and regarding a few plants. For instance, — 

in this country, the agricultural station at Madison, Wis., is., is the only — 


_ one known to the speaker at which the amount of water required 
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during the different months by a certain crop has been determined, ™ Hering, = 
and they have there experimented with scarcely a dozen crops. at Te 
_ The speaker believes that it is very important for the agricultural, 
_ irrigation or drainage engineer, to know just what amount of water — 
the different crops need and when they need it, particularly in those — 7 
__ seetions of our country where there is scarcity of water. | It is known © 
that during different stages of growth plants need different quantities 7 
of water. For instance, at first, during the period of germination, | 
Pps all plants need more than immediately after they have started __ 
to grow. Then, they again need a larger quantity, in fact, the most — 
q liberal irrigation, when passing through t the flowering stage, and the 
least quantity during fruiting and maturity, when too. much w — 
becomes rather injurious, 
al es this subject is one which the engineer in this country has to | 
meet occasionally, the speaker, when in Europe | this summer, made 
some inquiries thereon, but found a remarkable dearth of experience 
} — also; yet every station is at work trying to get ‘results on the - 
‘There is a correlative subject upon which we also have scarcely 
data: Where there is water in the ground which is to serve the roots, 7 
the question sometimes arises, how far can the ground- water stand 
below the roots in order that these may still receive sufficient moisture? as 
In our immediate neighborhood there are at this day suits threatened _ 
_ for several hundred thousand dollars which depend upon that very 
4 fact as to the relation of the quantity of 1 water needed b by certain — 
‘crops, ‘the capillarity « of the soil, and the level of the ground-water. 
This is a question which we, as engineers, will eventually have to face. 
As yet, there is but little information on the subject, and it is very 
gratifying indeed to see that certain Government officers at the : agri- - 


~ eultural stations, and engineers abroad, are now w studyi ing this 1 matter — 


which, in our country, in one way and another, represents a great deal : 
of money to agriculturists, 
AD. Foors, M. Am. Soc. C. E. (by letter). —Professor Merriman’s Mr. Foote 
remarks on the erroneous use of the term ‘‘second- -foot,” or foot- 
second,” are most heartily concurred in by the writer. It is hoped _ 
‘that the members of the United States Geological Survey may read — 
it and take heed. The y gave. us: the excellent. term acre- foot,” 
Major Powell first using it; they also gave us the term ‘“ Nilometer’ oa 
(Ms ajor Dutton), which is perhaps the most misleading name ~_ 
applied to a bit of clockwork. The Nilometer is a pillar on the banks 
of the Nile which has been watched by the Egyptians since beyond — 
the time of an any ny human record, telling them each year of disaster, 
. ws or famine as the water rose to the marks upon its sides. a 
‘There can be no other querer, and toapply its nametothe weir 
re register standing on the bank» of the Old oman’s 
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saginters, rather than as a comparison or criticism, is the 
of a register designed by Mr. G. F. Sherman, Assistant 
Superintendent of the North Star Mines Company. The main differ- 

ences from ordinary weir registers are that the clockwork regulates 

; the movement of the paper by holding it back instead of carrying it, 
and the rapid motion o of the ‘paper gives: opportunity for recording 

_ very frequent variations; - also, the roller marks lines on the pa paper so | 

as to give an accurate and continuous scale of heights in perfect _ 


delivered ‘at by the North Star Company, 
under a head of about 400 ft., which is applied to several impulse 
wheels, each running its own machine. In the routine work of the 
mine the use of water is extremely variable, making it necessary to a 
ave some indisputable record of its fluctuations in order to determine 
the actual flow. 


in 1899, and made in the at the North Star Mine. 
It consists of two brass rolls carrying a strip of paper, wound i from 
one on to the other, and which passes through a pair of 
_ rolls between them. It is driven by a weighted cord, and its speed i oi 
_. regulated by a clock movement geared to one of the governing rolls. 
7 The machine is placed over a water chamber connected bya pipe to 
the w weir box. A rod attached to a co opper float rises a1 and falls 7 
the variations in height of the water on the weir. It is guided at 
top by an easy-fitting slotted bracket, and at the bottom by a one ht 
which plays in a pipe passing through the float. 
“ The e pencil it carries is ‘pressed against the paper by a light spring 
fl contained in the bracket. A fifth roll, not ; absolutely essential, sup-— 
ports the paper against the pencil, and keeps it smooth and ina fixed © 
position, which would not be the case if it worked against one of the 


other rolls gradually increasing: or diminishing in in diameter. The 
4 pencil marks the paper before it passes over the governing rolls in 
order to avoid catching in the grooves in the paper made by them. 6 
: ‘The float is large enough to require a weight of about 2 Ibs. to sink it 


— | **Qld Woman’s Forkometer” would be an analogous term, perhaps, 
. 
7 
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constructing a true light running machine with the facilities at hand, 
a z - In order to allow for a slight eccentricity in the governing rolls,as = 
an — _ well as the varying thickness of the paper used, one of the rolls — heme 
an ese revolves in sliding boxes which are pressed toward the other by | 
— 
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“springs with adjustable tension. No clock, with power enough to Mr. Mr. Foote. 
make any impression upon the speed of the paper, even when most — 
of the work was done by the weight, could be obtained, but it was 
found that a clock could stand a heavy drag, tending to accelerate it, 
7 and still run regularly; therefore, enough weight is put on the cord 
to run it too fast at at all times, and the clock holds it back to a uniform 
rate. The paper moves 30.5 ins. per day, exposing at any time the - a 
record for the previous 12 hours. © The record is removed once or 
twice a month, on the supply roll carries sufficient paper to run for 


The weir is 3 ft. long, rectangular, with suppressed end c contrac- 


stim and is not expected to measure a flow of more than 10 cu. ft. per 
The daily average height is determined by measuring the area 
_ above a known height and below the record line, with a planimeter, 
and dividing by the length. e Tos assist in getting the ar areas, and also 
in estimating the flow at any time, ridges are turned on one of the > — 
governing rolls, which mark the paper in lines Ing ft. apart, the p 
_ lowest line corresponding to zero on the weir. . This method of 
obtaining average heights from areas” is, of course, ‘not quite correct, 
but is a rapid way of a result accurate enough for practical 


“purposes; 


 Exwoop Mean, M. Am. Soc. ©. E. (by letter). —The cubic foct per Mr. Mead. 
— second is not a satisfactory unit in studies or discussions of the duty 
: of water. On the contrary, it isnearly always misleading. It assumes ; 


- fact, it alien is. In the e studies made at the Experiment Stations of 
‘the United States Department of Agriculture last year there weresome © 
farms on which the water was only used for seven days; on others for 7 
- more than three hundred. In some cases it would be used only a few 
7. hours at a time, with alternating periods of non- ~use or partial use. — 
Hence, the discussion of the duty of a cubic foot per second of w ater 
- would have been wholly theoretical. On the other hand, a discussion a 
_ of the duty of an acre-foot involves no misleading or purely arbitrary 
_ assumptions. — It is just as definite a unit as the cubic foot per second, | 
and has the advantage of eliminating the element of time and rate of a 
q _ delivery in the comparison of results. Hence, the acre-foot is used in _ 
_ describing these investigations. © Sometimes it would seem to be clearer 
_ to speak of the depth to which the water used would cover the land. | 
a Ww here this is done it ; is not t! the duty ¢ of the acre-foot » but the rec iprocal - 
of the duty, , which is referred to, as Mr. Merriman has pointed out, 
and that is made in first report of the investigations, 
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The relationship of irrigation and drainage to agriculture has, as 


IRRIGATION STUDIES. 


esas Mead. Mr. ‘Hering points out, been strangely overlooked in this a 


arid” region, but finds it “dificult, times, to make the authorities * 

understand that this subject comes properly: within the province of — 
_ these schools, and that they are different from schools of hydraulic 
engineering. moisture studies, referred to by Mr. Hering, have 

already been inaugurated in California, and, from the facts gathered, — 7 
it is believed that they are destined to greatly benefit the agriculture — 
of that state. + In the San Joaquin and Sacramento Valleys, where | 
- both temperature and evaporation are excessive, certain crops are suc- 

_ cessfully grown with a rainfall which varies from 6 to 16 ins. How 

this is ; accomplished has long been an enigma to the 1 writer, but one > 
_ explanation seems to be that much of the water needed by plants is — 
pumped up by the roots from several feet below the surface, where the © 


soil is not moistened by rai rains but by the water which | : 
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ment Stations the writer has been doing all he could to promote 
— | 
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